Objective: To compare the Karl Storz video laryngoscope (KSVL) with the conventional Macintosh laryngoscope in simulated difficult airway scenarios, using a Laerdal resuscitation manikin. Methods: This was a prospective comparative study. The scenarios were normal airway, reduced mouth opening, tongue oedema and cervical spine immobilisation. Thirty-five doctors performed endotracheal intubation with both devices in each of the scenarios. The outcome measures were the successful rate of intubation, time taken for intubation, vocal cord visualisation, and ease of intubation. We also surveyed the doctors' preference for the intubation devices. Results: The use of the KSVL resulted in significantly better laryngoscopic grading than the Macintosh laryngoscope in all four scenarios. The mean time of intubation in the cervical spine immobilisation scenario was significantly shorter with the KSVL than the Macintosh laryngoscope (12.56 sec and 14.00 sec, respectively; P=0.049). The mean time of intubation in the tongue oedema scenario was shorter with the KSVL than the Macintosh laryngoscope (19.37 sec and 22.04 sec, respectively), although this was not statistically significant (P=0.546). There was no difference in the mean time required for intubation in the normal and reduced mouth opening scenarios. There was no significant difference in the success rate in all four scenarios. The ease of intubation score of the KSVL was significantly better than that of the Macintosh laryngoscope in all three difficult airway scenarios Conclusions: Our study showed that the KSVL provided a better glottic view in both normal and difficult airways than the conventional Macintosh laryngoscope. It also showed an advantage over the conventional Macintosh laryngoscope in the time required for intubation in patients under cervical immobilisation. (Hong Kong j.emerg.med. 2010;17:332-340) 
Introduction
Video laryngoscope is a new device developed in the recent few years for the management of difficult airways. A micro-video camera is attached to the laryngoscope blade so that glottic images can be transmitted to an external monitor, allowing the operator to perform tracheal intubation by watching the images shown on the video screen instead of looking directly through the mouth. Video laryngoscope has several notable advantages over the traditional direct laryngoscope. First, video laryngoscope magnifies the view of the airway and allows the operator to view the airway in greater detail. Second, the anterior angulation of the blade and placement of the video camera allow the operator to see structures that would be difficult or even impossible to see under direct vision. Several studies have confirmed that video laryngoscope can provide a laryngoscopic view equal to or better than that of direct laryngoscopy. [1] [2] [3] [4] [5] Furthermore, video laryngoscope can serve educational purposes by sharing the operator's view with other learners. [6] [7] [8] The C-MAC Karl Storz video laryngoscope (KSVL) is a completely new system from Karl Storz in 2008, which replaces the original Storz video laryngoscope. The original Storz video laryngoscope consists of a fibreoptic and video system integrated into a traditional laryngoscope blade. This system is prone to fogging and requires application of an anti-fog solution to the fibreoptic lens before use. The new C-MAC system abandons fibreoptic in favour of a CMOS micro video camera, which provides an enhanced field of view and resists fogging, thus requiring no anti-fog solution. 9 The GlideScope and the Karl Storz video laryngoscope are different devices as the shape of the blade of the former is more angulated than that of the latter. The GlideScope's distal angulation makes it ideally suitable for visualising and intubating an anterior larynx. The endotracheal tube needs to conform to the shape of the GlideScope blade: a gentle curve of 60 degrees. During intubation with the GlideScope, the angle of attack of the tube is quite steep and advancement of the tube is technically more challenging. 9 On the other hand, the blade of the KSVL is based on the conventional direct laryngoscope, so that a specially curved stylet is not required. For most airways, tube insertion should be easier with the KSVL than with the GlideScope because the stylet is shaped as for conventional laryngoscopy, thus permitting more direct insertion and avoiding impingement on the anterior trachea that occurs with the GlideScope. 9 Therefore, the KSVL may have an advantage of easier tube insertion over the GlideScope.
Many researchers have studied the performance of video laryngoscopes in elective intubations [1] [2] [3] [4] [5] but there are only limited published papers that studied their use in difficult airway scenarios. [10] [11] [12] [13] Most of the published papers evaluated the use of the GlideScope video laryngoscope or the Pentax airway scope while only two studies assessed the performance of the original Storz video laryngoscope on adult patients undergoing elective general anaesthesia. 1, 5 There is no published study to date evaluating the new C-MAC KSVL in emergency department populations. Therefore, we chose the new C-MAC KSVL for comparison with the conventional Macintosh laryngoscope. As this study would not involve human subject, submission of the study protocol to the ethics committee was considered not necessary.
The scenarios studied were normal airway, reduced mouth opening, tongue oedema and cervical spine immobilisation. The outcome measures were the successful rate of intubation, time taken for intubation, vocal cord visualisation (Cormack-Lehane laryngoscopic grading system), and ease of intubation. We also surveyed the doctors' preference of the intubation devices for each of the four scenarios.
Doctors with at least three months' working experience in the accident and emergency department were recruited. Their participations were voluntary.
Before the commencement of the study, participants were given a demonstration and then instructed on the operation with the video laryngoscope individually by one investigator. The investigator was a higher trainee of the Hong Kong College of Emergency Medicine and had completed the Difficult Airway Course: Emergency TM which was organised by the Airway Management Education Center in the United States of America. The steps of the procedure were demonstrated. The device was connected to the video monitor and assembled with a blade of the appropriate size. A stylet was inserted into the endotracheal tube and the tube was curved in a similar shape to that used for conventional direct laryngoscopy. The position for laryngoscopy was achieved by simple extension. The blade was inserted between the teeth in the midline under direct vision. As soon as the tip of the laryngoscope blade passed the teeth, the operator should direct his or her attention to the video monitor. Tongue sweep was not required. The uvula should be identified on the screen and the operator then followed the midline until the epiglottis came into view. Then the blade was placed within the vallecula with anterior lift or under the epiglottis, both providing visualisation of the glottic inlet. The endotracheal tube was directed toward the image of the glottis displayed on the video screen.
Participants were then allowed to practice intubating the Laerdal resuscitation manikin in its normal state with the conventional Macintosh laryngoscope once only and then with the video laryngoscope, also once only. The study started immediately after the demonstration and practice.
The model "MegaCode Kelly" of the Laerdal resuscitation manikin was used in this study. Size 3 blade was used for both direct and video laryngoscopes. All intubations were performed using a 7.0 mm cuffed tracheal tube. A stylet was inserted into the endotracheal tube in all intubations. Before using the video laryngoscope, the tube was curved in a similar shape to that used for conventional direct laryngoscopy. External manipulation of the larynx was not allowed in this study. The participants intubated the manikin in all normal airway, reduced mouth opening, tongue oedema and cervical spine immobilisation scenarios. In each scenario, they performed intubation first with the conventional direct Macintosh laryngoscope and then with the video laryngoscope. For the reduced mouth opening scenario, a tight belt was tied around the jaw and the head of the manikin to limit the mouth opening ( Figure 1 ). The tongue of the manikin was inflated with air in the tongue oedema scenario (Figure 2) . A trained assistant was present in the cervical immobilisation scenario to provide in-line immobilisation of the cervical spine of the manikin.
Demographic data including age, sex, duration of A&E experience and previous experience of video laryngoscope operation were collected. The time taken for intubation was defined as the time in seconds from the start of handling the laryngoscope to the passage of the tracheal tube through the vocal cords. The verification of passage was confirmed by direct visualisation. Additional outcomes included the rate of successful tube placement in the trachea and the number of intubation attempts. The intubation was considered a failure when the trachea was not intubated or the intubation attempt required more than 120 seconds. After each scenario, participants were requested to report the vocal cord visualisation by using the Cormack-Lehane laryngoscopic grading system (grade 1 to 4) and the subjective ease of intubation on a visual analogue scale (from 0, very easy to 10, very difficult). We also surveyed participants' preferences for the intubation devices for each scenario.
The performance of experienced doctors in using the KSVL was compared with that of junior doctors. at 0.5 was used to assess the doctors' choice of device. Two samples t test was used to compare the time required for intubation by experienced doctors when using KSVL with that by junior doctors. P values of <0.05 were considered to be statistically significant. 
Results

Doctor characteristics
Results of the difficult airway scenarios
From Table 1 , it can be seen that the use of the KSVL resulted in significantly better laryngoscopic grading than the Macintosh laryngoscope in all four scenarios. In most cases, the KSVL can improve the laryngoscopic grading by 1.
In the normal airway scenario, the success rates at first attempt were 100% for both the Macintosh laryngoscope and the KSVL ( Table 2 ). The mean time required for the first and successful intubation attempt using the Macintosh laryngoscope and the KSVL were 11.74 sec and 13.98 sec, respectively (P=0.276, Table  3 ). There were no differences in the ease of intubation (P=0.886, Table 4 ) and the preference of intubating device (P=0.736, Table 5 ).
In the reduced mouth opening scenario, the success rate of the Macintosh laryngoscope was 97.1% whereas the success rate of the KSVL was 100%. The difference was not statistically significant (P=1.000, Table 2 ). There was also no difference in the mean time required for intubation (P=0.964, Table 3 ). The ease of intubation score of the KSVL was significantly better than that of the Macintosh laryngoscope (P=0.010, Table 4 ). Significantly more participants preferred the KSVL as their choice of intubation device to the Macintosh laryngoscope (P=0.017, Table 5 ).
In the tongue oedema scenario, there were no significant difference in the success rate (P=1.000, Table 2 ), mean time of intubation (P=0.546, Table 3 ), and choice of intubation device (P=0.311, Table 5 ). However, the ease of intubation score of the KSVL Table 4 ).
In the cervical spine immobilisation scenario, all participants successfully intubated the trachea at first attempt using both devices ( Table 2 ). The mean time required for intubation using the KSVL was 12.56 sec, which was significantly shorter than the time of 14.00 sec using the Macintosh lar yngoscope (P=0.049, Table 3 ). The ease of intubation score of the KSVL was significantly better than that of the Macintosh laryngoscope (P<0.001, Table 4 ). Most of the participants (91.4%) chose the KSVL as their preferred intubation device (P<0.001, Table 5 ).
The performance of experienced doctors versus junior doctors
The time required for intubation by experienced doctors versus junior doctors using the KSVL is Table 6 . There was no difference in the mean time required for intubation in all four scenarios.
Discussion
Many studies have focused on the performance of the GlideScope in elective intubations on real patients 2, 3 and manikins. [11] [12] [13] In this report, the Karl Storz video laryngoscope was studied as there was hitherto not much published data about its performance.
In our study, the performance of the KSVL for intubation of normal airway was found to be as good as the direct laryngoscope as the results indicate no significant difference in the mean time required for intubation using the Macintosh laryngoscope and the KSVL (11.74 sec for the Macintosh laryngoscope and 13.98 sec for KSVL, P=0.276). Whether the mean time difference of 2.24 sec is clinically significant in terms of improving the outcome of the patient is not known. However, the KSVL provided a significantly better laryngoscopic grading than the Macintosh laryngoscope in the normal airway scenario (P=0.007). A better laryngoscope view will give the operator more confidence when securing the airway and offer an advantage of visualising the tracheal tube passing through the cords. It is believed that these advantages in respect of the KSVL would compensate for the slightly longer time required.
On the other hand, the performance of the GlideScope may not be as good as the direct laryngoscope. Sun et al performed a randomised clinical trial comparing the GlideScope to the direct laryngoscopy on 200 preoperative patients. The time to endotracheal tube placement took an average of 16 sec longer in the Glidescope group. 2 Further studies are needed to compare the KSVL with the GlideScope video laryngoscope.
In our study, the use of the KSVL resulted in a significantly better laryngoscopic grading than the Macintosh laryngoscope in the normal airway and in all three difficult airway scenarios. This was consistent with the results of previous studies [1] [2] [3] [4] [5] that video larygnscope can provide a better glottic view. However, our study showed that better glottic view did not translate into faster intubation time in the normal airway and reduced mouth opening scenarios. This result was also in line with Kim's study. 13 This contradictory phenomenon can be explained by the fact that putting the tube through the vocal cord requires some stereoscopic skill and eye-hand coordination. With more practice and training, the results may favour the use of the KSVL.
Two manikin studies investigated the performance of the GlideScope in difficult airway scenarios. Lim et al showed that in a simulated grade 3 (only epiglottis visible) airway, the anaesthetists took less time to intubate using the GlideScope (23.5 sec vs. 70.5 sec, respectively; P=0.001). 12 The other study compared the GlideScope with the classic Macintosh laryngoscope in four simulated airway scenarios (normal; cervical spine immobilisation; tongue oedema and combined cervical spine immobilisation with tongue oedema), but no difference was found in the time required for successful tracheal intubation in all four scenarios. 13 Jungbauer et al compared direct laryngoscopy with the original Storz video lar yngoscope in patients undergoing elective general anaesthesia with a Mallampati score of III or IV. The study showed the time for intubation was significantly shorter for video laryngoscopy compared with direct laryngoscopy (40 sec vs. 60 sec, P=0.017). 5 In our study, the mean time of intubation in the cervical spine immobilisation scenario was significantly shorter with the KSVL than the Macintosh laryngoscope (12.56 sec and 14.00 sec, respectively; P=0.049). Although the mean time difference of 1.44 sec may not be significant clinically, the KSVL can provide a better laryngoscopic view which enables the operator to visualise the tracheal tube passing through the cords and thus have more confidence in securing the airway. The mean time of intubation in the tongue oedema scenario was also shor ter with the KSVL than the Macintosh laryngoscope (19.37 sec and 22.04 sec, respectively), although this was not statistically significant (P=0.546).
Participants in this study felt that intubation of difficult airway was easier with the KSVL than the Macintosh laryngoscope, as the ease of intubation score of KSVL was significantly better than that of the Macintosh laryngoscope in all three difficult airway scenarios (i.e. reduced mouth opening, tongue oedema and cervical spine immobilisation).
One of the limitations of our study related to the use of the Laerdal resuscitation manikin as there was ethical concerns on the use of a new device on patients in the emergency situation. As such, the findings of this study may not be applicable to real patients. Although the manufacturer claimed that the new KSVL had antifogging property, the effect of fogging and oral secretions on intubation was not addressed in the present study. Another limitation was that the validity of the visual analogue scale score on assessment of the ease of intubation had not been tested before. The sample size was small with only 35 doctors participating in our study. Moreover, the study was not a randomised controlled trial and was subject to bias. There could be confounding factors as the participants had variable experience in A&E medicine and variable experience in the operation of video laryngoscope. We suggest that a further study of the KSVL with a larger sample size in a randomised controlled setting should be undertaken and participants with no video laryngoscope experience should be recruited.
Conclusion
Our study shows that the KSVL provides a better glottic view in both normal and difficult airways than the conventional Macintosh laryngoscope. It also shows an advantage over the conventional Macintosh laryngoscope in the time required for intubation in patients under cervical immobilisation.
